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ABSTRACT

Waidrop,T.A.,White, D.L., andJones,S.M.,1992.Fireregimesfor pine—grasslandcommunities
in thesoutheasternUnitedStates.For. Ecol.Manage.,47:00—00

Four combinationsof seasonandfrequencyof burningwereappliedin CoastalPlain loblolly
pinestandsovera43-yearperiod.Overstoryspeciescompositionandgrowthwereunaffectedby
treatment.Above-groundportionsof smallhardwoods(lessthan12.5cmd.b.h.)werekilled and
replacedby numeroussprouts underperiodic summer,periodic winter, andannualwinter
burningregimes.With annualsummerburning, smallhardwoodsandshrubswerekilled and
replacedby vegetationtypical of grasslandcommunities.Grassesandforbsalsodominatedthe
understoryof annualwinter burnsbut numeroushardwoodsproutssurvived. Study results
emphasizethat frequentburningover a long period is neededto createand maintain the
pine—grasslandcommunityobservedby thefirst Europeansettlersofthesoutheast.

INTRODUCTION

Fire hasbeenamajorecological force in the evolutionanddistributionof
foresttypes in the SoutheasternUnitedStates.Ecologicalandmeteorological
evidencesuggeststhat man- and lightning-causedfires helped shapethe
pine—grasslandconimunitieswhichwereoncecommonin theregi&n.Komarek
(1974) describedthesecommunitiesas having herbaceousandgrasscover
underopencanopiesof longleaf (Pinuspalustri~ Mill.), loblolly (P. taedaL.),
andshortleafP. echinataMill.) pines.Herbsandgrassesonceflourished in
thesestandsbecauseopencanopiesfilteredsunshineratherthanshadingthe
ground.Komarek(1965) arguesthat the natural accumulationof fuels in
grasslands,without heavy grazing, would allow summer fires causedby
lightning to burn with sufficient intensity to maintainpine-grasslandcom-
munitiesagainstencroachinghardwoods.Winter fires, which burn with low

FORECOL2O16



2 TA WALDROPET AL.

intensity,would not preventthe invasionof hardwoodsinto grasslands(Ko-
marek,1965).

The evolutionof southeasternplantcommunitieswasgreatlyinfluencedby
the latestglacialretreatandtheadventof aboriginalman,whichoccurredat
approximatelythe sametime. Northernmigrationsof plant speciesoccurred
rapidly as ice massesretreated,leavingdistributionsof woodyplantssimilar
tocontemporaryforestsby thebeginningof theHoloceneepoch— some10,000
yearsago (Delcourt andDelcourt, 1987). Archeologicalevidencehasestab-
lishedthepresenceof Paleo-Indiansin theregionasearlyas12,000yearsago
(Chapman,1985). Theseearly inhabitantspossiblycontendedwith aperigla-
cial climateor localizedpermafrost(Keel, 1976).As Indian populationsgrew
andtribesmigrated,their useof fire affectedalargeportionof thelandscape.
Indians remainedhuntersandgatherersuntil approximately800 to 1000
A.D., whencornandbeanswerefirst cultivatedin the region(Hudson,1982).
Recentresearchindicatesthat SoutheasternIndian populationswere much
largerthanpreviouslyestimated,suggestingwidespreaduseof fire for land
clearing(DeVivo, 1991).ThemovementofIndiantribesfor gameandcropland
createdvariablepatternsof fire frequencyacrossthe landscape,producinga
mosaicof vegetationtypesandstandages(Buckner,1989).

EarlyexplorersoftheAtlantic coast,includingGiovanniVerrazano(1520s),
JacquesCartier (1530s),andSamuelde Champlain(early1600s),described
the forests as open pine and hardwoodstandswith grassesunderneath
(DeVivo, 1991).Othershavesuggestedtheseopenforestsowedtheirexistence
to frequentburning (Bartram, 1791; Harper,1962; Van Lear andWaldrop,
1989).Woodsburningin the regionremainedcommonandunregulateduntil
the early1900s,whengovernmentagenciesbeganefforts to banfire usefor
forestprotectionandto allow pineregeneration.This banwas only partially
successfulandremainedcontroversialthrough the 1940s and1950s when
prescribedburningfor fuelreductiongainedgeneralacceptanceaftera-series
of ~~fires (Pyne,1982).Evenwith theextensiveuseof controlledburningin

~thefSoutheast today,pine—grasslandcommunitiesarelesscommonandcon-
temporaryforestsoftenhavedenseunderstoriesandmorehardwoods.

It can be difficult to appreciatethe important role of fire in shapingthe
speciescompositionand structure of forests. Plant community changes
broughtaboutby fire canbe slowanddependon the seasonandfrequencyof
burning as well as the number of successivefires used.Opportunitiesto
observechangesin communitycharacteristicsin thepresenceof fire overlong
periodsare limited. The resultsof a long-termstudy by the Southeastern
ForestExperimentStation,however,maygiveanindication of the ecological
role fire onceplayed in the southeasternUnited States.The experiment,
known as the SanteeFire Plot Study, was establishedin 1946. Various
combinationsof seasonandfrequencyof burningweremaintainedfor over40
years.This paperdiscussesthechangesto plantcommunitiesthesedifferent
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FIRE REGIMES FORPINE-GRASSLAND cOMMUNITIES 3

burningregimescausedover time, and identifies which regimesmayhave
beenneededto createandmaintainpresettlementpine—grasslandcommuni-
ties.

METHODS

Studyplotswereestablishedin 1946on the SanteeExperimentalForestin
BerkeleyCounty, SouthCarolina,andon theWestvacoWoodlandsin neigh-
boringGeorgetownCounty(Lotti etal., 1960).Plotsonthe Westvacositewere
harvestedin 1984,sothis paperis restrictedto the Santeeplots. The study
areais on aPleistoceneterraceofthelowerCoastalPlainat7.5to 9.0m above
sealevel.Soils arepoorlydrainedUltisols of mediumtoheavytexture(McKee,
1982).Theyareconsideredproductivefor loblolly pinewith asiteindexof 27
to 30 m for loblolly pineat age50. More detailedsite descriptionsweregiven
by Lotti etal. (1960)andWaldropetal. (1987). In 1946,theoverstorywasan
unmanaged,42-year-oldstandof loblolly pinepoletimberthat resultedfrom
natural regenerationafter logging. Studyareasshowedno evidenceof pre-
viousburning,supportingawell-developedhardwoodmidstory.Commonmid-
storyspeciesweredogwood(Cornusflorida L.), hickory (Caryaspp.),southern
red oak(Quercusfalcata Michx.), postoak (Q. stellataWangenh.),wateroak
(Q. nigraL.), andwillow oak (Q. phellosL.).

Five treatmentplots, 0.1 ha in size, were establishedin each of three
replications.Treatmentsincluded: (1) periodic winter burning, (2) periodic
summerburning,(3) annualwinter burning,(4)annualsummerburning,and
(5) anunburnedcontrol.All winterburningwasdoneon December1 orassoon
afterwardasweatherpermitted.Summerburningwasdoneon or soonafter
June1. Periodicburnswereconductedwhen25%of the understoryhardwood
stemsreached2.5 cm in diameterat breastheight(d.b.h.).This prescription
resultedin variable burning intervals ranging from 3 to 7 years.Annual
burningwasnot interruptedfrom 1946through1989.

Burningtechniqueswereselectedto ensurecompletecoverageoftheplot by
fires of the lowest practical intensity. Selectionwas madeat the time of
burningbasedon prevalentfuel andweatherconditions.In general,backing
fireswereusedon periodicallyburnedplotshavingthick underbrushorwhen
hot anddry weatherincreasedthe risk of high-intensity fires. Headfiresor
stripheadfireswereusedon annuallyburnedplotswith little underbrushand
whenfuels weretoo moistto supportabackingfire.

Datato describevariouscharacteristicsof overstoryandmidstory trees
werecollectedperiodicallythroughoutthestudy.Diameteratbreastheightof
overstorypineswasmeasuredin 1957,1967,1977, 1979,and1984.Midstory
hardwoodsweremeasuredatstudyestablishment(1946),atyear20(1966),at
year 30 (1976), and at year 38 (1984). Detailed descriptionsof sampling
methods were given by Klawitter (1966), Lewis and Harshbarger(1976),
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Langdon(1981),andWaldropetal. (1987).
Understoryvegetationwasmeasuredagainin July 1989,after43 yearsof

burning.A 25x 25m sampleplot wasestablishedwithin eachtreatmentplot.
Two 25 m line transectswere randomiylocatedin eachsampleplot to deter-
mine percentcrown cover for grasses,legumes,other herbs,woody vines,
shrubs,andtreeslessthan1.5mtall. Coverwasdeterminedbymeasuringthe
portion of acrownintersectedby a25 m transect.Wheretwo or morecrowns
overlapped,theoverlappingsectionsof thelower crown(s)werenot included.
Theportionof eachtransectwhereunderstoryvegetation(lessthan1.5mtall)
receiveddirectsunlightwasmeasuredatmidday (between11:00amand1:00
pm).

Two 0.5x2 msubplotswererandomlylocatedalongeach25m transect(four
subplotsper plot) to measurestem densityor abundance.The speciesand
genusof eachplant wasidentified, andthe numberof plantsper speciesor
genuswasrecorded.Speciesnotencounteredin thefoursubplotswerecounted
in two 1x 25m subplots,eachof whichwaslocatedadjacenttoa25m transect.
The larger subplots(1 x 25 m) were used primarily to samplerelatively
uncommonspecies.Speciesnot encounteredin subplotsof eithersize but
occurringin a 25 x 25 m sampleplot werelistedaspresentbut not counted.
Meanplantabundancesbytreatmentwerecomparedandseparatedbyanaly-
sisof varianceandlinearcontr~tat the0.05 level.

Detrendedt~rrespondenA alysis (Gauch,1982; Hill andGauch,1980)
wasusedto interpretthev~ion in vegetationcompositionamongtreat-
ments. The techniquegroupsplots or communitiesbasedon similarity of
speciescompositionandrelativeabundance.The degreeof differencebetween
plotsis indicatedby standarddeviationunits.A separationof communitiesby
four standarddeviationsgenerallyindicatesthat the two communitieshave
no speciesin common,while onestandarddeviationindicatesthat the com-
munitieshaveapproximately50 percentof their speciesin common(Hill and
Gauch,1980).

Thestudywasterminatedin 1989becauseofseveredamagetothe overstory
andmidstorycausedby HurricaneHugo in September1989.

RESULTSAND DISCUSSION

Overstoryandmidstoryvegetation

Loblolly pineremainedthe dominantspeciesin all treatmentplots, but a
few hardwoodsgrewinto the uppercanopy.At the timeof the first measure-
mentof overstorypines (1957), all plots were well stockedwith anaverage
basalareaof 22.7 m2and231 treesha-i.By 1984,basalareahadincreasedto
25.3 in2 haA but only 149 treesha-i survived.Waldropet al. (1987) found a
lackof treatmenteffect on diameteror heightgrowth,whichtheyattributed

V
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FIRE REGIMES FOR PINE—GRASSLAND COMMUNITIES 5

tothematurityof thetreeswhenthestudywasinstalled(42yearsold in 1946).
Mortality over the study period was dueto natural causesincluding ice
damageand aging. The low number of overstorytreesprovided an open
canopy.In 1989,directsunlightreachedtheunderstoryinapproximately35%
of eachburnedplot.The midstory of unburnedcontrolswassomewhatmore
dense,allowingdirectsunlighton only 20%of the treatmentplot.

Speciescompositionof midstoryvegetationchangedlittle duringthestudy.
Dogwood,hickory,andoakswerecommonon all treatmentplots. However,the
structureofthemidstorywaschangedby thevariousburningregimes.Diame-
terdistributionof midstoryhardwoodsby treatmentis givenin Fig. 1 using5
cmd.b.h.classesplus classesfortreeslessthan2.5 cmd.b.handgreaterthan
17.5 cm d.b.h. At the beginningof the study, all unburnedcontrol plots
appearedto be undisturbedby fire or forestmanagementoperations.Every
sizeclassof hardwoodsfrom lessthan2.5cmtoover17.5cmd.b.h.waspresent
on control plots (Fig. la). Diameterdistribution followed a reverse-Jpattern
with numerousstemsin small size classesandonly a few stems in larger
classes.Thenumberof stemsin eachsizeclassvariedsomewhatovertime as
individual treesgrew into larger classes.However, the reverse-Jpattern
remained.

Hardwooddiameterdistributionswerealteredovertimeby periodicwinter
burnsandperiodicsummerburns.In bothtreatmeni~Aienumberof stemsin
thesmallestsizeclass(0—2.5cm) increasedwhile th~S’s~ iir~thenexttwoclasses .~

(2.6—7.5 cm and 7.6—12.5 cm) decreased(Figs. 1b—ai~d ic). With periodic
summerburning,numbersin the smallestsizeclassincreasedfrom approxi-
mately11,000to over19,000stemshai byyear30.The2.6to 7.5cmsizeclass
wasmostaffected;numbersdecreasedfrom over1,100to approximately100
stemshai in bothperiodictreatments.Mostchangesoccurredduringthefirst
20years,but continuedatareducedratethroughyear30. Hardwoodsgreater
than12.5cmd.b.h.weregenerallyunaffectedbyperiodicwinterandsummer
burning.Thesetreeswereold enoughto beprotectedby thick barkandtall
enoughsothattheir budswereabovetheheatofthefires.Moststenislessthan
12.5 cm d.b.h.were too small to surviveburning. However,root systemsof
thesesmallertreessurvivedandproducedmultiple sprouts.The increasein
stemnumbersin the smallestsizeclassis the resultof multiple sprouting.
Fireswerefrequentenoughto preventthegrowthof sproutsinto a largersize
class.Fewerthan 10%of the treesin the 2.6 to 7.5 cm d.b.h.classsurvived
until year30. Treesof this intermediatesizeclassaresusceptibleto top-kill
from occasionalflare upsor hot spots.Sincehotspotsoccurmoreoftenduring
thesummer,fewertreesof thissizeclasssurvivedperiodicsummerburnsthan
periodicwinter burns.

Annualwinter burningcausedchangesin thehardwoodd.b.h.distribution
similar to periodicwinter andsummerburning.Most stemsin the 2.6 to 7.5
cm d.b.h.class were top-killed or girdled during the first few years.Stem
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Fig. 1. Diameterdistributionof all hardwoodsat selectedyearsfor (A) unburnedcontrolplots,
(B) periodicwinterburnplots,(C)periodicsummerburnplots,(D) annualwinterburnplots,and
(B) annualsummerburnplots.

numbersin this sizeclasswerereducedfrom approximately1,200hai to less
than100by year20; no additionalreductionoccurredthroughyear30 (Fig.
id). Thenumberof stemsha-i in thesmallestd.b.h.class(0-2.5cm) increased
dramaticallyoverthe 30-yearperiod.By year20,thissizeclassincreasedfrom
16,000to 21,000stemshai. Betweenyears20 and30, thatnumberincreased
to over47,000hai. Most of thesestemsweresproutslessthan1 m tall. Since
annualwinterburnsallowedsproutsafull growing-seasonto-recoverfromfire,
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C. Periodic Summer Burn.
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D. Annual Winter Burn.
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E. Annual Summer Burn.
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manyrootsystemssurvivedandproducedlargernumbersof sprouts-after-each
fire.

Annual summerburningnearlyeliminatedwoodyvegetationin the 0-2.5
cm d.b.h.class(Fig. le). Rootsystemswereweakenedby burningduringthe
growingseasonwhencarbohydratereserveswerelow. Burning wasfrequent
enoughto kill root systemsof all hardwoodspeciesbut oaksandblackgum
(Nyssasylvatica Marsh.)were particularlyresistant;somesurvived18 to 20
annualsummerburns(Langdon,1981).A few hardwoodseedlingsgerminated
eachspringbut did not survivethe next fire. As with other treatments,the
numberof stems between2.6 and 12.5cm d.b.h. was reducedby annual
summerburningandthemajority of the changeoccurredduring the first 20
years.Numbersof hardwoodstemsover 12.5 cm d.b.h.were unaffectedby
annualsummerburning.

Understoryvegetation

Speciesconiposition
Speciescompositionof understorywoodyplantswasaffectedby treatment

(Fig. 2a).After 43 years(1989),abundanceof treesandshrubslessthan1.5m
tall on plots burnedperiodicallyin winter or summerandon plots burned
annually in winter was greaterthan on unburnedcontrol plots. Thesein-
creasesweredueto sproutingafter top-kill of small- andintermediate-sized
treesandshrubs.The largeincreasein numbersof shrubswasdueto of the
presenceof huckleberry(Gaylusacciaspp.) andblueberry(Vacciniumspp.),
which sproutedprolifically after fire. Annual winter burning favoredsweet-
gum (Liquidambar styracifluaL.) which producednumeroussproutsafter
eachfire. Annual summerburningeliminatedunderstorywoodyvegetation
with the exceptionof a few seedlingsthat werekilled by the next fire. Vines
werestimulatedsomewhatby periodicwinterandsummerburningbut nearly
eliminatedby annualwinter andsummerburning.The abundanceof woody
plantsin periodicwinter burn plotswasbecausetheseplotshadbeenburned
the winter prior to measurement.

Abundanceof herbaceousplants,particularlygrassesandforbs, increased
with increasingfire frequency(Fig. 2b). Periodicallyburnedareashadsome-
what greatergrassabundancethancontrols (Fig. 2b), but their understories
werestill dominatedbytreesandshrubs(Fig. 2a).Theunderstoriesof annual
winterandannualsummerburnedareasweredominatedby grassesandforbs
and,therefore,resembledthegrasslandcommunitiesdescribedby Komarek
(1974).Plotsburnedannuallyinsummerhadsignificantlyhighergrassabun-
dancethanperiodicallyburnedandunburnedcontrol plots. Annual winter
burnscreateda diverseunderstorywith numbersof grasses,legumes,and
otherforbsthat weresignificantlyhigherthanall othertreatments(Fig. 2b).
Also, sproutsof treesandshrubsthat weremissingfrom areasthathadbeen
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Fig. 2. Meannumber of stemslessthan 1.5 m tall 0.1 ha’ for (A) understorywoodyplants,and
(B) understoryherbaceousplantsacrossall treatments.

burnedannuallyin thesummerwereabundantin areasburnedannuallyin
winter (Fig. 2b). Legumeabundanceon plotsburnedannuallyin winter was
higher thanvaluesreportedfrom studiesin the Souththat wereconducted
with singleorperiodicburns(BucknerandLanders,1979;Cushwaetal., 1970;
Speakeet al., 1975).

The only detailedsurveyof understoryvegetationon theseplots, prior to the
1989measurements,wasconductedin 1967(year20)by LewisandHarshbarger
(1976). The period betweenburning andsampling differed betweenthe two
surveysfor sometreatments.Therefore,changescanonly be presentedfor the
unburnedcontrol,for periodicsummerburning,andforannualwinterburning.

Burning Treatment

•
E Other Forbe
~ Legumes

No Burn Periodic Periodic Annual

Winter Summer Winter

Burning Treatment

I. - -

Annual
Summer

FORECOL2O16



FIRE REGIMES FORPINE-GRASSLAND COMMUNITIES 9

Severalchangesto the understoryoccurredover the 23 years between
surveys.In unburnedcontrols(Fig. 3a),coverof understorytreesandshrubs
declinedbetween1966and1989,perhapsas aresult of natural succession.
Sometreesandshrubsformerly in the understorygrew into the midstory.
Also,midstoryhardwoodsthatwerepresentin 1967continuedtogrow,further
reducingtheamountof light reachingtheforestfloor.

In plots burnedperiodically in summer(Fig. 3b), therewerefew changes
betweenyears20 and43. At both times,the understorywas dominatedby
shrubsandtrees.A slight increasein total cover(all species)mayhavebeen
causedby increasedsproutingof treesandshrubs.

Greaterchangeswereobservedafterannualwinter burning(Fig. 3c).From
year20 to year43, tree andshrubcoverdeclinedandgrasscoverincreased.
Although treecover declined,the numberof hardwoodstems(44,700stems
ha’) wassimilarto thenumberreportedby Langdon(1981)atyear30(47,000
stemsha’). This patternsuggeststhat hardwoodsproutsare smallerthan

Fig. 3. Understorycoverby treatment,1967 and 1989. Treatments:(A) no-burncontrol, (B)
periodic summerburn, (C) annualwinter burn. Datafor 1967 were reportedby Lewis and
Harshbarger(1976).

1967 1989
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before andthat sprout vigor may be declining over time. The increased
importanceof grassesindicatesthat the frequentbut relatively mild distur-
banceassociatedwith annualwinter burningmayeventuallycreateagrass
andforbcommunity,but onlyafteranextendednumberof years.Eventhough
grassesand forbs dominatethe understory,hardwoodsproutswould soon
regaindominanceof theunderstoryandreplacethe grasslandcommunityif
burningweredelayedafew years.

Communityanalysis
Detrendedcorrespondenceanalysisidentifiedfour distinctplant communi-

tiesassociatedwith thefollowing fire regimes:annualsummerburns,annual
winter burns, periodic burns, andunburnedcontrols (Fig. 4). Differences
betweenperiodicallyburnedplotsandunburnedcontrol plots werenot dis-
tinct; woody vegetationdominatedin both situations.Annual winter and
annualsummerburnsproduceddistinct understorycommunities,but both
resembledthe grasslandsdescribedby Komarek (1974). The distributionof
plots alongAxis 1 was interpretedas a fire disturbancegradient.The rela-
tively largemagnitudeof differenceacrosstreatments(3.5 standarddevia-
tions) indicatesthatdiversityoverthelandscapecanbeaffectedbyseasonand
frequencyof burning.This findingsupportsthe conclusionof Buckner(1989)
that variable fire regimescreateda mosaic of communitytypes that were
presentin thesoutheastprior to Europeansettlement.SeparationsalongAxis
2 werelesseasilyunderstood,but wereinterpretedasa natural variability
gradient since variation of speciescompositiondecreasedas frequencyof

• N-No8um
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AW - Anmji ~
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0
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O AW
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~ 0~O~ 4.0
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Fig. 4. Resultsof detrendedcorrespondenceanalysisshowingindividual treatmentplots: AS =

annualsummerburn,AW = annualwinter burn, PS = periodic summerburn, PW = periodic
winterburn,N = unburnedcontrol.Linesindicateseparationbetweendissimilargroupsofplots.
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TABLE 1

Relativeabundanceaof understoryspeciesbin threetreatmentplotsacrossfire regimes

BurningTreatment

Unburnedcontrol PeriodicsummerAnnualwinter Annualsummer

123 123 123 123

Paspalumspp.
Polygalalutea

Hypoxismicrantha
Rhexiaspp.

9R

9R3
R 197

R+ 9RR

4/ 24Y>

2 Coreopsismajor

Cassianictitans
Stylosanthesbifiora

Galactiamacreei
Desmodiumspp.
Tephrosiahispidula

Centrosemavirginianum

Lespedezaspp.

3 Lobelianuttallii
Asterspp.

Solidagospp.
Eupatoriumspp.

Elaphantopusspp.

Panicumspp.
Andropogonvirginicus

Hypericumspp.

Rubusspp.
Rhuscoppalina

4 Pinustaeda
Gaylussaciaspp.
Vacciniumspp.

Uniola laxa
Myricacerifera

Liquidambarstyraci/lua

Smilaxspp.
Vitis spp.

Quercusspp.

Gelsemiumsempervirens

+

1
+

+

+

3
+

+

1 4
+ +

+1 8
+ + + +

1 + 1
+ + + 3

9
+ + + 5
911 2
+ 1 + 1
+ + + 6

+ + + 7

+91

5 5
418
9 1

2 + 9

R R R9

R R 9 9
+ + + 9

K

2
4

+ 7

+

9
19

K 9+

K 89

+ 9+
+1 69

+ 6
8 8

1

K K

+ +

31

16

+ +

21

1 +

1 +

43
91

+

2

K
+

+

9
1

4

1

+

+

3
9

5
1

+ +

14

39
35
R

19

+

+

9

Grp. Speciesc

9

K

+

9
4

+

1

+

1

2

2

1

6
5
+

+

1

7

K
+

6

+

1

3
1

2

9
2

R

R

9

4

+

+

+

3
3
1

K

6
+

+

+

+

K
+

+
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TABLE 2 (Cont’d.)

Grp. Speciesc BurningTreatment

Unburnedcontrol PeriodicsummerAnnual winter Annual summer /~ ‘~>

QPltnumber ~< A
123 123 123 123

5 Cornusfiorida 3 2 7 8 9 K
Mitchellarepens 4 + 3 9 2

Perseaborbonia 9 + + K
Lyonialucida + 9

aKelativeabundanceindicatedasdeciles: “+“ = 1—10%of themaximumabundancevalueobserved

for agivenspecies,“1” = 11—20%,“2” = 21—30%,etc.; “K” indicatesthataspecieswaspresentbut
rare.1~Thespecieslist waseditedto includeonlythosespecieswhichdemonstrated-cie-arassociatkrns{ora

giventreatmentortreatments.
eNomenclaturefollows Kadfordetal. (1968).

burningincreased.
The distribution of speciesalonga fire disturbancegradient reflects the

relativetoleranceof thesespeciesandtheir competitivevigor after distur-
bance.Relativeabundanceofunderstoryspeciesby treatmentis given by a
s eciess thesistable_(TableAY(Mueller-DomboisandEllenberg,1974).Only

/1/AC those speciesthat demonstrateclear associationsfor treatmentswere in-
P - ~ cluded.Specieswereplacedin five groupsbasedon their distributionsacross

~ treatments.Periodic winter burns were not includedsince sampling was
during the growingseasonimmediatelyfollowing burning.Periodicsummer
burnplotshadnot beenburnedfor 5 years.

With few exceptions,groups1, 2, and3 (Table1) areherbaceousplantsthat
havebeendescribedas“fire followers”(Lemon,1967).Manyof theseplantsare
alsoassociatedwith early successionalplant communitiesfollowing other
typesof disturbance.Otherspecies,suchasthelegumes,areknownto benefit
directly from the effectsof fire (Martin et al., 1975). Speciesin group 1 are
found almostentirely in annualsummerburn plots. Theseare generally
opportunisticspeciesthat lackthe competitivevigor to survivein otherburn-
ing regimes,wheremorevigorousgrassesandwoodyplantsdominate.Species
in group2 aremostcommonin annualwinter burnplots.Although someare
foundinothertreatmentplots,group2 speciesareprimarilylegumesandare
lesstolerant of annualsummerburninganddo not competewell with the
hardierwoodyvegetationof the periodicallyburnedplots. Plantsin group 3
werecommonin all burnedplotsbut absentin theunburnedcontrols,indicat-
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FIREREGIMESFORPINE-GRASSLANDcOMMUNITIES 13

ing a dependenceon frequentdisturbance.Mostspeciesin group3 disperse
their seedbroadlyandcompetevigorously for resources,thusenablingthem
to becomeestablishedquickiy after fire.

Groups4and5 arecomprisedlargelyof woodyplants(Table1). Mostof the
speciesin thesegroupsreproduceby sproutingbut with varying degreesof
vigor. Group4 speciesarerelativelyabundantin all but the annualsummer
plots,maintainingtheirabundanceprimarilythroughsprouting.Thepresence
of loblolly pine in group 4 was attributedto germinationof seedlingswhich
would be consumedby the next fire. Speciesin group 5 were relatively
intolerantof frequentburningandweremostcommonin unburnedcontrols.
Dogwoodandpartridgeberry (iVfitchella repensL.) wereabsentfrom annual
burn plots,while redbay(Perseaborbonia L.) andfetterbush(Lyonia lucida
Lam. (K. Koch.))wereabsentfrom bothperiodicandannualplots.

Establishmentofpine—grasslandcommunities

All treespeciesin themidstoryandoverstoryof the SanteeFirePlotswere
well adaptedto frequentlow-intensityburning.Thick barkandhigh crowns
protectedthe pinesfrom damageandno fire-relatedmortality wasobserved.
Hardwoodsover12.5 cm d.b.h.were protectedby thick bark andmost sur-
vived. During the first 20 yearsof the study,mosthardwoodsbelow12.5cm
d.b.h.wereprobablytop killed orgirdled,particularlyby summerburning.

The responseofoverstorytreespeciesto theselong-termprescribedburning
treatmentswasconsideredminimalsinceonly onemajortrendwasobserved.
In burnedplots, smallhardwoodswerereplacedby largenumbersof sprouts
during the earlyyearsof the study. Later, those sproutswere replacedby
grassesandforbs.The gradualchangefrom smallhardwoodsto grassesand
forbs was completedby only annualsummerburning. This treatmentwas
requiredfor aperiodof 20 yearsto eliminateall hardwoodsprouts(Langdon,
1981).Thisstudyprovidesevidencethatsproutvigor is decreasedbylong-term
annual winter burning, suggestingthat these sproutsmay eventuallybe
eliminated.However,a largeregenerationpool of hardwoodsstill existsafter
43 yearsof treatment.Periodicburnsdid little to reducenumbersor vigor of
hardwoodsprouts.

This studyemphasizesthat frequentfires over long periodsareneededto
createandmaintaintheopenpine—grasslandcommunitiesreportedby early
explorers.Periodicburningover43yearsdid little to eliminatehardwoodsand
it supporteda densewoody understoryshrub layer. Annual winter burns
maintainedan openunderstorywith vegetationdominatedby grassesand
forbs.However,thatunderstoryalsoincludednumerouswoodysprouts,which
would form a densehardwoodmidstoryif burningwereinterruptedfor afew
years.Of all treatmentstested,only annualsummerburnssupportedthe
fire-dependentgrassesandforbs,withouthardwoodregeneration,which Ko-
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field samplingandDr. StevenR. Hill, curator of the ClemsonUniversity
herbarium,for assistancewith speciesidentification.
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